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1. IntrodtLCtio n
Tもepolarregio ns are re Ceiv血gin creased
adm 也onin clim ate Change s cen ados obtail)ed &o m
di血 ate m odels . Rece ntly,large varia血nsin m a ny
clim atepara m etersha vebe enfol)nd iT)the
'
ChangingArcdc
”
(Mo riso n etal一 , 19&). W arming
ofthe air k mperaLure n e arthesudTac eis c 血 rly
obs erv ed, e specially o v erthe co n血 en((Chapm an
andWalsh,1993;Walsh and C hapm a n,199 8;
Ser18 Ze,20(氾), a ndthitmiTlg Ofs eaic einthe 1990s
is reportedfor a wide are a ofthe Arc血 Oc eBn
(Rothrock etalり 1999).
Aer os ols,togetherwith clotlds, aJ
-
ebeliev ed
toha v e a stm ngjJnPaCt Otl Clim ate dlZY)ughthe
mdiadv e effectwi thalarge spatialv ariabiJib';
however,their31 D distribt)dorL N ld interactioTtS are
s也lltln C ertain, e speciallyin thepolar regions. h
the Ar ctic, c o n cen出 血o nsofn or m al backgro u nd
a m s ols ale v erylo w a nd op也c al thi 血ess_inthe
500ti nisin the range0.03to 0.0 5(Hertx!r, 1996).
Ho w e ver, s帆)ngs eas o n alv ria血 n sin aeros ol
optical depthareb o w n a ndthelarge sp mgin crease
isdtletOhigh co n c 瓜ぬh3d hyeredaerosol cal led
l'
A托tic Haz e
●■
(Sha w,1995;甘efber,1996;
EeitltZ enlx rg,1989). Thislarge sp血g m axjJ n uT
ofaer osl lo adiz)gis origirlated 血o m ar)thropogenlC
so uzt:es s urrotll)d血gtheA 瓜ic, and 叫 pedalong
tim e血 the str ongin v ersio nlayer ov erthe Arctic
Ocea nwi d10 uta n女effecdv e re m o v alpro cess(Shaw,
1995). ThotJgh ぬisis o nly a sea so n alphe n o m e n o n,
its radiativ e effectis n otn egligible,bcc aLISe Solar
zadiatiotlbe co m es efFec畦vejustinthis se aso n after
dielong polarmighl anda urgeinfltlen Cemightbe
expectedrelaLtedtothe m el 血ga nd 由c ay ofs eaic e.
Many Obs erv ado n alstudieshav ebee ndev ot由 tDthe
Arcdc Haz e(Bodhain e a nd DtlttO n,1 993;Jaes cbke et
al
., 19 9);ho w e ver, n otso m u ch hasbee ndon e
con cemingthe radiaLive effectyet
A n e w co opera丘v epr oJe C(On a e m SOIsin
he
■
Arctic, AST A R2000(Arctic Stt)dy of
Tr opospheric A打 OS Ola nd RBdia丘o n)w as co nducted
forMarch and:April 200 in 皿dar o und･Sv albardto
irlVeS軸ateth
l
e3- D behavior andr adiadve effects.of
trOPOSpheric aer osol in 也e A化丘candtheirimpact
On Clim ate･ Airborn e obs erv a血)n s using a Do mier
22 8aih dandc w din atedr m ob! se ns mg, m -situ
芸S =m aehP.
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(Rg. 1･). At this site, s cietLtists &o m se v eral
coLlntriesin cILldiTLgGer m a n and Japa n ese sden也sts
ha ve aJm adyco ndtN:tedgro41ndbas ed ahnOSPhezic
scie n c e obser vationsfor abo ut10years(Gern andtet■
all 20001, Ya m a n ot)chietal. 1996). Satenite
m eas ure m ents ofSA G E-Ⅱ(StratosphericAeros ol
弧d GasExperiJn ent)w eJ8 alsoiz)eludedaspartof
the A S T A R 2000campalSEl. Findly, data wilbe
usedasinptltfor regionalclim ate modelsb)dies
(H IR H A M)to esdn ate radiadveforcingand dise 鵬S
the clim aticinpacLOfa ero solsillthe Arctic
ah osphere.
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observ atio n
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Lorlgye aLbyen. Al鮒 Sho w nis a
circle with･n aj(im l 皿fliBhtradius.
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2. Airbo r n e obser y &tio B S
Ai 加m e obs er v a丘o7LS U singDo mier228
aircr a丘of A 伽 d- Wegen erbs也b teforPolar and
M 出Ⅰ旭 Research(Awl)w erethe crtlCial
e叩 erin entalpartoftheproject. A s unphoto m eter
w as t)sea fcd･the m east m ntofs olarradia nc e”
deriv e op丘cal depth ande 又tin c血)n c αfrICierltS, a nd
als oforthe m e ast m etltOfskybrighbesSi7Ithe
abtlC anterI中山etode血vethe sc at bring phase
ftm c也o n. The s unpho払 m eter W asinstalledinthe
phI蛤 O n a Sourtra ckerbehindaqtlartZ windo w,
which w asprepar edspecid lyfor OP丘cal
m e asqr e m e nts. The st mphotom eler W astO be
adjtlStedtothedire cdo n ofthe s um, 紬 degre es ap rt
丘om thepkm eheadingandthe solar血eightshotlld
bebetw e en15o to 7o fort he extincdon
m 組 St m etlt Byr otd ng也¢headingofthe air
pla n e180degre es,horiz ozlta s c 皿血
■b righbe S
m eas m entin 血e sa n e z 印ithangle w asm ade.
工わ wnwardandtq)w ardshortw ay e and lo ngw a ve
radiadonflux es w astn east d bybr oad band
radio m eters s etded onthe ro ofand botto m ofthe
pla n e. h siLtl Jn eaSl】代nentS Ofaeros ols w er e m ade;
pardde si2X!distribL)don, absorptio n a ndsc atteriDS
coefRcients wnlbe 皿eaStJred byop也calparticle
co unters(OPCs),apardcle so otabs orp丘o n
photome 把r(PSA P) 皿dallin妃gra丘ng nephel∝ n 地 r
qN),reg ecdv ely. Aer osols w ere als o sa mpled wiLh
alo w v olt m efilter s a mpler andaJ:rOS Olimpac10rtO
c on血 ctchemic alal血ys es a ndele cb m mic m scope
analyses.Air w asin d tlC edtDthedifEus erf o mthe
intake s etued at the ro ofof.也epla n e, a ndthen
釘Iidedto ea ch instru n e nL Datafr o m allthe
instru En entS w a ntObe re corded ill a Ce nぬI data
re cordertDgether wi d)flightiJlfoJn atio n a nd basic
m 8帆 OloBicalpara m eters sudl aSPreSS W e,
te nI氾raLtt n Te血【iv ehumi di町,dewpointand wind
v elo city.
UsitlgLoTlgyearbyen aiq d (78
o N
,15
O
S)asa)c oper a丘on albas e,2 2st m eyflighls with ■
ab mt80 且ighthours weres oc cesshllycotLdtlCtedfor
thepedod 加m Ma nh15un血 Apri1 25,2000.
Thosefliihts w 甲e madein sm a11叫getar eas
dqpendiJlg Onthe obje ctive wi也in abotlt5 00kn
丘om Longyearbyen, a s sho w njn Fig▲ 2. ln the
targetarea, a verdcdprdlefrom TLearthe s 血 ur
to8km W BLS measured withthele y cl nightat1 kn
d 丘ttldeinter valsこ
3 . Gr oILhd ･ ba s ed a nd h .sittL Ohs e ry&tio h
The airtx m m e astm ts w ere
co mple m ented bycc mprehezISivegro qJld-based
m e asur e m e nts,pro vidingstwh c m cial肘 O SOl
pa 伯 m etm aSPhasefuc血 n andabsq }止o n
co e班 demts as afun c也o n of heighL Coordin al∝1
gE Olmd-basedrezn o【6 SB n血g,in-sittL Jn e aSur m entS,
s a mplinga nd balloo n-bozTLe ObservaLdons of 批 rOS QIs
=
e m
a芸慧Sa_tAhthes:$8･.,a;驚≡設h:誤i葺.
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Ol=”r oL?Lsn s
ha v e血 Iiznprov edandex触Ided bynewlyde veloped
ins 加 m e ntS, StlChas s un a ndstarphoLO m etu S,LO
retriev ethe ae m solopdc al depthandpha sefun cdon
intb visible a ndtLearinL bLedspe c打alr ange,the
岬 SPheric Ri m -1idarto m e asLF e e X血 c也o n
c oefBcie nts aJld depokui2 Ado n as afunction of
altihlde
,
a nd theFo u血ertran sfo 皿 edin打a 托d
spectr 卸Ieter『 m)1o C alculatethe aer?s olop丘cal
depth intheIR spectralrangeby m eas 皿 ng
emissio n spe ctra. Addi 血nalne w syte m s ar e a
micropuhelidarforbackw atter n e ast me ntandsky
ndiozn eLzSfor e x血 ctio n 皿dphasefun c血tl
Ⅱle aSL m entS.
h -sin m ea sLu u e ntS W ere m adebyoptical
pardcle cotlnterS(OP Cs),iTltegfa血g n ephelo m eter
皿dparticle m obihty analyz er. G印t)nds 皿 IpliTlgOf
aer osols w eredo n ebyhighv olu m e andlo w v olu m e
saJnPlers and an aer os ol impa ctor. aallo o n-bo rn e
ad∋mSOIsonde with O PC w aslau n ched and atethered
ballo on withOPC w asI)sedto obtain the v er丘cal
distrib也on ofad3rOS OIpar也cle co n ce ntratioTlinthe
ab OSPher e clos eto 血母s urfac e. StlPPOrtingdata
indtldeds 血 o2X)n e m eas ured byDasibio2iOne
m eter
,pre cipitable water a m o u nta d liqLlid w ah,r
co nte ntby mic m w av e radiom ete r,pre cipitado nby
POSS,s 血 e radiai也y e伽 x esbyB S R Na)as elin e
Surfac eRadiatio nNetw ork)radiom eters and
aerolgicalso u ndings. AtdieZepelin m otltLtain
statioTL(470m a_ s. 1.),ill-Situ n eastq e m e nts.and
sa mplings ofaeros ols w ere also 皿ade▲
4. Res ults
W i出血nir)te enpr ofile s obtain ed byairbo m e
observ a血 ns,丘v e w asin aha ze co nditio n(T >0.1)
azLdan otherfiv e w asin aba ckgro u ndc o ndito n(て <
0.06), So m ¢pr o丘1es ev e n witho uthaz e c o nditio n
co ntain edso m elayerswith high c on c entratioll Of
a er os ols. Fig, 2 is o n e of 血e cx血 ctio npr ofile
obtain ed in dieha ze c otLditio n withthelargest local
optical depth て 三 0.18, a m o ngthe c a mpaign. A
high cotlCen廿a山)Alayerbetw een3km aJLd l kn
w asno丘ce able. h od)er4 cas esin ahaze co mdido n,
dielo w er mostlayer w asthe extensivehigest
concenαadon 血yer.
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Fig. 2 Aer osolex血 c血 n(532皿 1)pro丘1e
obtain ed &o m aiJbozTle SllnPhoLOm e 晩 M釦 ℃h
23, 200.
Fm mthein-situ m eas ure n e nts o board
血plB n e.S C altering c 耽ErICients w ere m e as 耶姐bya n
血tegr abg n ephel舵ter(1N), and abs oq)lion
c舵 瓜cieTltS W er e m eaStlredbyapardcle s(氾t
abs oJTItio nphoto m eter(PSA P). A ddiJ)gboth
co ef丘cie nts, e xtillC也o n co ef6cie nts w er e also
esdm ateda ndthe verdcalpr o丘1e w asde血ved.
Co mparingboth figtlreS, Simi 1az
'
e x血 ctio nprofiles
打efo undqtlalita也vely. Ho w e v er, qqarl也tadv ely,
exdn c丘o n co eぽicie nts obtain ed 加m in-silu
m east m e nCS are m ughlyhalfoftho seobLair)ed
挫om s unphoto mt¢r m e astLr e m entS. T hisdiscJepaJICy
migh(pardybe aL bibutabletothe correc血Tlfacto r
ofthein-sittleillStrt m e ntS - airitltake,difft)s er,
intakepipes a nd iJIStrt)m elltStheiJSelv es,I Nazld
PS A P. Anyw a;y, w e c od dot)taiTl e X血 c仙) Aprof＋ile
tlSinggr eatdifferTlt type Ofinstru m ents withinfa cbr
oftw o. Fro mthe ele clrOn micro scop8 analysis of
impactedsa mples, chemicalc on s也tllentS Ofaero sols
w erederivedazldfotnd duLa er os ol in m ostof
hyers w ere zn ade ofst)lpahateparticles,butSO m e
upperlayer w ere so otabllnda ntぬrtheprofile of
M arch 23.
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=:edc.Fnsi(OUS,ec..A o,
aqosolpara m e輸rS W er e Obt血 ed. The variadon of
scaeringco cffidents aldlree W a v elengthregio n
duringthe ca mpaign W as ex amin ed. Ro ughlyse e n,
there ar edlr eeter m SwiLh highsc atte血g
c oeffic e nts, s c at(Bringco e丘cie nt(at550n m)> 0.01
kn
-1
.
It w asfotmdthat thes ehigha er os oI
co nc e nh 血o n at the s urfa ce o cc urred d町ingt10r山erly
windc 研IPO n e ntS, Which correspo ndedtodietypical
n ete orol gicalc o nd 出o nwiLh n ortheryairflo wfrom
the Arcdcair mass,lo oking at500JIPageopoten丘al
hiBhtpatte m s ofm ete orol gic alan alysis,s tl Ch as
N C EP/NCA R.
Aeros ol plicaslproperdes werere他iv ed
丘oznthe sky･r adiom eter me astJrem eZ)tS. Notonlyall
opticaldepth,butals o siz edistribtldol), C O mPlex
:悪霊
in
,Eh
dex
e,
anL謬%gEE;yb=%en6 Wwe me n
derivedforthehaz e c o ndito n, which m e antdie
higher aゎt)ndtm ce ofs m allerpardcl鵡 . These res ult
c od dals obe esdm ated 丘o mphysic alpar am etersby
in-situ 血e ast)reTLtS andc o mpared.
Ver丘caldist ribudon ofa£rosolexdnction
w as esdm a暮由 b m gro und-bas ed lidar
m eastJL e m entSI Usinganlidar ratio e sdm a蛤d by
fiLting也etotaloptic al dep血 tothe s unphob m eter
qp也caldepth, a n ex丘n ctionprofue w asderiv ed 鉦o m
badkscath:r C 00fBcients tn eas ured byA w llidar
(Sdhqm acher and Netlber,2000). Ago od
C Qm PO nden ce w as se enwiLh dleairbo m e
8tlnpholo mterprofile o nMarch 2 3肝ig. 3). Tim e
heightcro ss se ctio n ofe x血 ctio n co e瓜cientw ere
dso esdn ated b zTLmicroIPdshdar, a ndg和 Wdl 皿d
decaLy Ofthick aeros ol1野 erS W er e Se en. Ho w e ver,
s o )li edistordon ofextin ction pr ofile was seen h
boo ntin eduetothe c o nta min atio n ofsolar
r adiationillLOt he sign al be ca us e Ofthein clin ed
se比ingofthelidar. So m ekindofcorrec血 n n e ed d
totN5 m adeforthe sedata .
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Fig･ 3 Co mpadso n ofaero sole xtin cdoTIPrO圧Ie
m eas 町ed byairborn es umpho10m eter(thick Jibe)
冨気冨TE3sui:dibs%baa,4Ck諾琵琶2(.a.oi n he)
(SchJJn a Cheq 皿dNe ubr,2000).
5･ Satellite ot>s e r▼札tio h SI m eteo r ologic al
aJlalyBis a nd JTLOdel stt■die s
SAGE-Ⅱ(SぬtD SPhericAerosolandGas
Experin en()satellite observ ado ns ofstr aLOSPheric
a e m sols are I)Bedb) S ePantethelmpospheric
c oTL由budo nh m tohlah ospheric 紙rO SOl btlrden
andpr ovi deinfor m a血)n o n spa血Idistribudo nsin
theArcdc regio n(M cCo mick, 1987). Al$○,
s atellite ex血 ctio n m eas qr em enLc o uld be validated
&o m airbor ne m east m m enldata. A c on bin a血o n of
allofthese m ethodsisrec entlytBedto obtain as
m uch infor m atio n aspossible o nte mpor al 皿 d
verticaldis出b1血o ns ofatm o spheric aero sol a nd
a)eir opticalproperties･ IIItherxrstcqmparis or) of
ex-tin cdo n c o effic e nts m adeforApri l19,profile s
betw een ajTbo m e m eas 皿 e ntS a ndsa(d止te
m e astJre n eTltSPro videdan e x cel nLC m PO nden c e
甲ig. 4;Tho Ⅱ岨SO n and Burton, 2000).
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Fig･ 4 Co mparis o n ofaer os ole x血 ctio npr ofile
(1020nm)m eas uredbyairborn esu nphoLo m eter
(while Circle)a nd byS A G E-Ilm eas ure m etlL
(black clrCle), n e a rSv alb打d, April 19, 200
Tho m as on and Burto n,20 u ))
Atn oq)heric cifCuhtiotLpatterns W ere
血 edusiTlg m eteor ologicalallaysisdata･
Verdcalpr ofine ofte nperaLtF e andwindw er e
e細 mated from N C EP/N C A RorECM W Fa ndysis
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w ere cal ulated forthe airp m lne ardleairtD rZle
obsrvB[tioTLpOi 山S. So m e e x a mple sho w s atypical
mi dtropo spheric airflo w 加 m n orthwhich
origin ated &o m n o血 e mSiberiBtfew 由ysbefm ･
Fordetd ed m odelstDdiesitis tleC eSSarytO
pro videdata O nthete mpor alandspa血l- in
pardcdar- v e rdc aldistriblltio n ofaeros ols･
F de 皿 O re, OPdcalpara m ch)rS SL)Ch as specLr aI
op也cddepth, e x血 ction co e凪:ient,abs orpdo n
c 伐fEic ent, andphase血n ctio nhavetobeJn eaSqred.
FQralofthesepara m eters al J¥entmlbcr of
differentm ethods ad instrt m e nLS are lJS ed,induding
satelliteinfor m a也on,like SA GE･ n T hereis t10tyet
a clear tlndefSt皿 ding ofdieimpactoftropospheric
肥 OS OIs on radiativeh fC 皿g Pr ocessesindleArc血 .
A 皿thes e aero s oldata wi llthenbein corpor ated into
thefH R E A M Ar ctic regiollaclim ab) m odel
pethloffetal. .1996)flOrdetailed m odelstudies oll
thedire ctndiadvefor cingof ALCdc 蜘PO SPhedc
aerosols.
石. CDtLCJud ing r e m a rks
A 丘v e- w e ek･fieldcapaignpha vepr ovi de a
data se(for 血e v山idation ofs at811ite a ndBr O und-
bas edrem ote sensing. AmoTlg19verticalpro丘Ies
ob 血edby airbozn e m e ase 肝e m entS, fiv epr ofiles
sho w ed a 血 ze c oTLditio n(て > 0.1;500TLm)with a
l野 er Ofe xe血 cdo n co efFICietltabo ut0･05 kn
-l and
an otherfiveshcIWedabackgollndcondi丘orL(i <
0.06)■. A go od･corr ela丘o n w as s ee nb tw e e nthe
蜘 m e m e ast∬8de x血 cti仰 Pm Blei andgr ot)nd-
bas ed lida rprofi)ein se veralo ∝ asioTLS;ho w ev er,
s o m etim es,itwasdific ult to co mpBLrebothproBles
血etothedi触 ceinthetargetair m ass. Also. a
go odcozrespo nd8 n Ce OfSAGE-Ⅲsad lite ex血 cdoII
pro血e b airborneprofile w asfo und. Thesedata set
isofgre atvalDeforthe sbdyofradia丘v eproperdes
ofArc血 aero sQI, wbich migh(hav e a s ubsta ntial
e飴 ctofradiBL也v eforcingtothe Arc丘c c血1ab .
辛 This w o (k w as suppo rted bySpe cial.
ScienWIC
Rese arch Progra m(No. 11208201)a ndG 皿 t-in Aid
(No･ 101441 03)fro mthe M inis打y Of Educ a山)n,
Science, Spo rts aFLd Culttm ofJapaJ1.
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